###### Strengths and limitations of this study

-   First randomised controlled trial to evaluate the effectiveness of an intervention on the development of frailty in older people who are pre-frail.

-   Randomised controlled trial with blinded assessors and intention-to-treat analysis.

-   Generalisable to community-dwelling pre-frail older people; there is an objective measure of pre-frailty and minimal exclusion criteria. The intervention being examined is readily transferable to routine clinical practice in the aged care health service setting and the interdisciplinary approach is relevant to several professional groups in aged care.

-   Lack of blinding of participants and staff delivering the intervention due to the nature of the intervention.

Introduction {#s1}
============

Intervention to prevent or delay frailty has important benefits for older people, health services and society.[@R1] [@R2] Frailty is a medical syndrome with numerous causes, characterised by reduced strength, endurance and physiological function, resulting in increased vulnerability to functional decline, dependence and/or death.[@R1] Pre-frailty is an intermediate stage between non-frail and frail. Identifying and treating people in the pre-frail state may be an effective way to prevent or delay frailty.

Frailty can be defined using the Cardiovascular Health Study (CHS) frailty phenotype[@R3] which contains five criteria (unexplained weight loss, weakness, low activity, exhaustion and slowness) that reflect underlying dysregulation in multiple physiological processes.[@R4] People are classified as non-frail if they meet no criteria, pre-frail if they meet one or two criteria, and frail if they meet three or more criteria. The frailty phenotype is predictive of falls, disability, institutionalisation, hospitalisation and mortality; pre-frail individuals have a significantly higher risk of developing these adverse outcomes than non-frail people, and frail individuals have a still higher risk.[@R3] Pre-frailty and frailty are common; a recent systematic review found that the prevalence of pre-frailty (as defined by the frailty phenotype) in community-dwelling people aged 65 years or older was 38--53% (mean 44.2%), and the prevalence of frailty was 4--17% (mean 9.9%).[@R5] As the proportion of older people is rising globally, the costs associated with frailty will increase in the future. Preventing or delaying frailty has the potential to reduce the burden on individuals and society.

Research into interventions to prevent or reduce frailty is in its infancy. While studies have found that outcomes for frail older people can be improved using multifactorial interventions such as comprehensive geriatric assessment, and single interventions including exercise programmes,[@R6] nutritional supplementation and reduction of polypharmacy,[@R1] the effect of intervention on frailty itself is seldom examined. Our recent randomised trial evaluated the effect of a multifactorial interdisciplinary intervention on frailty as a primary outcome (measured using the frailty phenotype), and found that the intervention significantly reduced frailty in frail community-dwelling older people.[@R7]

Implementing interventions for pre-frail older people may prevent the development of frailty. Older people transition between frailty states,[@R8] and pre-frail individuals have more than twice the risk of becoming frail compared with non-frail people.[@R3] Transition from pre-frail to frail often ensues from an acute medical event or a psychological stress exceeding the person\'s capacity for recovery.[@R9] Intervention to increase reserve capacity and reduce the impact of potential stressors may therefore reduce the risk of becoming frail. Evidence suggests that pre-frail older people may respond better to intervention than people who have already moved to a frail state,[@R10] [@R11] and because pre-frail people have significantly less disability than frail people[@R3] there is potential for more intensive interventions.

Few trials have identified and targeted pre-frail participants. Previous trials have included samples that are probably pre-frail, for example people at risk of falling;[@R12] however, studies need to have pre-frailty as an inclusion criterion for results to be generalisable to this population. Recent randomised trials[@R10] [@R13] [@R14] and an observational study[@R15] have investigated the effects of exercise in people defined as pre-frail using the frailty phenotype; exercise appears to improve function in pre-frail people; however, larger studies are needed. To the best of our knowledge, no intervention has been developed to specifically prevent the transition to frailty in pre-frail older people.

We plan to conduct the Pre-Frailty Intervention Trial (Pre-FIT), a randomised controlled trial that aims to determine whether delivering a multifactorial, interdisciplinary intervention to older people who are pre-frail prevents progression to frailty and improves mobility. We will implement a modification of the intervention previously found to reduce frailty and improve mobility in frail older people[@R16] to determine whether pre-frail participants receive similar benefits with respect to frailty levels and mobility. To the best of our knowledge, this will be the first study to examine the effects of an intervention specifically targeting the degree of frailty among older people who are pre-frail. The primary research question is: Does the multifactorial interdisciplinary intervention prevent the progression to frailty (assessed with a frailty phenotype score) and improve mobility among pre-frail older people, when compared with usual care?

Methods and design {#s2}
==================

Design {#s2a}
------

A randomised controlled trial will be conducted among 230 participants who are pre-frail. [Figure 1](#BMJOPEN2014007091F1){ref-type="fig"} gives an overview of the study design. All participants will give written informed consent prior to randomisation (see online supplementary appendix 1). The study is registered with the Australia New Zealand Clinical Trials Register ACTRN12613000043730.

![Overview of the flow of participants through the Pre-frailty Intervention Trial.](bmjopen2014007091f01){#BMJOPEN2014007091F1}

Participants {#s2b}
------------

Potential participants will be identified by clinicians working in hospital and community sections of the Division of Rehabilitation and Aged Care Services (DRACS) at Hornsby Ku-ring-gai Health Service, Sydney, Australia.

Participants who fulfil the following inclusion criteria will be invited to participate: Man or woman aged 70 years or older;Meet one or two CHS frailty criteria,[@R3] and thus are considered pre-frail ([table 1](#BMJOPEN2014007091TB1){ref-type="table"});Mild or no cognitive impairment (defined as a Mini-Mental State Examination score \>23).

###### 

Definition of Frailty Components, adapted from Cardiovascular Health Study Criteria[@R3]

  Characteristic          Criteria
  ----------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Weight loss/shrinking   Self-report of ≥4.5 kg lost unintentionally in the previous 12 months or loss of ≥5% of weight in the prior year by direct measurement of weight
  Weakness                Lowest 20% in grip strength, measured using a dynamometer (Saehen Dynamometer, model SH5001). Best of three attempts used. Men scoring 30 kg or less, women scoring 18 kg or less meet the criteria
  Exhaustion              Answering 'a moderate amount' or 'most of the time' to either of the 2 questions from the Centre for Epidemiological Studies-Depression Scale (CES-D) indicated exhaustion: "How often did you feel that everything you did was an effort in the last week?" or "How often did you feel that you could not get going in the last week?"
  Slowness                Time to walk 4 m, with or without a walking aid, equals 6 s or more
  Low activity            In the past 3 months, weight bearing physical activity was not performed, more than 4 h per day were spent sitting, and went for a short walk once per month or less

People will be ineligible to participate in the trial if they: Live in a residential aged care facility;Have an estimated life expectancy of less than 12 months (estimated by a score of ≤3 on a modified version of the Implicit Illness Severity Scale[@R17]);Currently receive a treatment programme from a rehabilitation facility.

Randomisation {#s2c}
-------------

After consent and completion of the baseline assessment, participants will be entered into the study and randomised to intervention or control groups. Permuted block randomisation will be used,[@R18] with a random number sequence generated by SPSS V.19 and variable block sizes of four and six randomly arranged within blocks of 10. Project personnel not otherwise involved in recruitment or data collection will manage random group allocation. The treatment allocation tables will be stored away from the research office.

Allocation concealment {#s2d}
----------------------

The research consultant will screen for study eligibility, seek informed consent and conduct the baseline assessment. After baseline assessment is completed, the Research Consultant will telephone the central study office, and the participant will be assigned a participant number and allocated to the control or intervention group. Staff performing the outcome assessment and data analysis will be blinded to group allocation; however, owing to the nature of the trial, it is not possible to blind the participants and staff administering interventions.

Intervention {#s2e}
------------

Participants assigned to the control group will receive the usual care available to older residents of Hornsby Ku-ring-gai area from their general practitioner and community services. At the study site, usual care for non-institutionalised pre-frail older people involves medical management of health conditions, allied health input, assessment of care needs and provision of care.

Participants in the intervention group will receive an interdisciplinary, multifactorial intervention for 1 year. The intervention will be individually tailored to each participant based on the following: (A) the CHS frailty characteristics present at baseline assessment; (B) additional problems identified during a detailed assessment by the physiotherapist providing the intervention programme, plus other relevant members of the interdisciplinary team; (C) ongoing reassessment by the interdisciplinary team throughout the intervention period. The assessment and intervention will be underpinned by the principles of geriatric evaluation and management.[@R19] [@R20] An interdisciplinary team comprising a physiotherapist, a geriatrician, a rehabilitation physician, a dietician and a nurse will deliver the intervention. All intervention staff will have experience in delivering interventions to older people. Case management and regular case conferences will assist coordination of the interdisciplinary delivery of the intervention. The treating physiotherapist will have the role as case coordinator, liaising with the participant, family, health professionals and service providers, plus coordinating services as indicated.

The intervention will be delivered primarily in participants' homes, with additional community exercise programmes and outpatient appointments (eg, podiatrist, memory clinic, continence clinic) offered when indicated.

The interventions targeting the CHS frailty characteristics are described below.

### Weight loss {#s2e1}

A dietician will evaluate nutritional intake if the participant is not already effectively addressing their recent weight loss. If the participant\'s body mass index is \<18.5 kg/m^2^ or mid-upper arm circumference \<10th centile (using Australian gender-specific and age-specific norms), nutritional supplementation will be offered using commercially available, high-protein, high-energy supplements. Home delivered meals will be recommended if appropriate clinical criteria apply.

### Exhaustion {#s2e2}

Referral to a psychiatrist or psychologist will be considered if the Geriatric Depression Scale score is high. Where the participant is socially isolated, opportunities to encourage greater social engagement will be identified, for example, day activity groups, physical activity programmes in the community and telephone contact with volunteers.

### Grip weakness, slow 4 m walk time or low physical activity level {#s2e3}

A physiotherapist experienced in aged care will visit the participant\'s home 10 times in the 12-month study period. There will be five sessions in the first 3 months after randomisation, and five sessions over the following 9 months. Visits will be of 60--120 min duration. The physiotherapist will prescribe a home exercise programme to be performed for 20--30 min, up to six times per week, for 12 months. The exercises, degree of difficulty and number of repetitions prescribed will be based on assessment of the individual participant\'s abilities. Lower limb balance and strengthening exercises will utilise the Weight Bearing Exercise for Better Balance (WEBB) programme, available at <http://www.webb.org.au.>[@R21] The programme targets strength and control of the lower limb extensor muscles (hip and knee extensors, ankle plantarflexors) with exercises including standing up from a chair, forward and lateral step-ups onto a block and heel raises while standing on a wedge. Resistance will be applied by body weight or by weighted vests or weight-belts as appropriate. Balance will be targeted with exercises performed while standing on a progressively narrowed base (feet together, tandem stance, single leg stance), stepping, walking and reaching. Upper limb support will be minimised in order to adequately challenge balance, but to ensure safety the environment will be set up with stable supports (eg, bench or table) close by that can be held as necessary. In addition, if upper limb weakness is creating functional problems, then the physiotherapist may prescribe upper limb exercises incorporating theraband or free weights for resistance. The physiotherapist will regularly review and modify the optimal intensity and type of exercises for each participant to ensure that the intervention remains appropriate and challenging over the study period. We will encourage family members or carers to assist with the exercise programme when this is indicated.

Appropriate safe mobility programmes will be prescribed if participants have low activity levels, reduced endurance or specific functional goals. Feedback will be provided via monitoring of distance/time or via a pedometer or *FitBit (*internet-linked pedometer). Participants will be encouraged and supported in increasing their physical activity using exercise equipment that they have at home, as well as community physical activity programmes (such as Tai Chi or strength and balance classes), community exercise facilities (such as gymnasiums and swimming pools) and a return to past leisure activities such as golf and bowls.

In addition to the interventions targeting the CHS frailty characteristics, individually tailored intervention will address additional problems identified during assessment. Intervention may include, but will not be limited to, the following examples. General health status will be assessed and intervention tailored to each individual\'s problems. Where indicated, chronic disease management programmes will be implemented or reinforced in conjunction with existing health services. We will use the principles of comprehensive geriatric assessment, with careful follow-up of chronic diseases, pain and conditions such as incontinence, osteoporosis and impaired cognition. The rehabilitation physician and geriatrician will play a central role in assessment and recommendations for ongoing intervention.The rehabilitation physician or geriatrician will review medications used and discuss any questionable medication use with the participant\'s general practitioner. Poor compliance with medications will be addressed by initiation or reinforcement of strategies such as education about medications, medication packaging in blister packs and reminder cards.Referrals will be made as indicated to allied health, Hearing Australia, Vision Australia, and disease-specific programmes such as pulmonary rehabilitation, cardiac rehabilitation and Parkinson\'s disease exercise classes.The team will refer to agencies that provide assessments and provision of care and services. Examples are the Aged Care Assessment Team for assessment of packages of care, community nursing and service providers.If transport is required, we will arrange referral to community transport services, taxi subsidy schemes and mobility parking schemes as appropriate.Reduced social interaction will be targeted by facilitating attendance at community-based groups, day centres, clubs and exercise groups, as well as by arranging telephone contact with a volunteer.We will advise on meal delivery services and frozen meals if this assistance is needed.Mobility aids and other equipment will be recommended, obtained and set up where indicated. This may involve referral to an occupational therapist for environmental modifications.Advice on appropriate footwear will be provided if shoes are suboptimal.Ergonomic alterations will be made to optimise home office safety.If the participant is at risk of falling, they may be referred to falls-specific clinics (Falls and Osteoporosis Clinics) and programmes (Stepping On program, Otago Exercise Program) available in the study area, in addition to the WEBB exercise programme. Safety concerns will also be addressed with information about falls prevention, personal alarms and hip protectors.If the participant cares for another person or the participant has a carer who needs help, the carer\'s needs will be assessed and contact with Carers Australia will be suggested.

The physiotherapist and participant will collaborate to set measurable goals within 3 months of recruitment. The goals will be based on the CHS frailty characteristics present (such as goals relating to diet, functional consequences of weakness or amount of physical activity), or problems identified during geriatric assessment (such as establishing formal links with a diabetes educator, understanding medications or obtaining a care package). The goals will be documented, reviewed each session by the physiotherapist and participant, and new goals will be set when new issues are targeted.

The physiotherapist will promote adherence to the intervention using strategies including goal setting, a flexible time frame for intervention delivery, recording of exercise completion, and involvement of family and carers. In addition, programmes will be tailored to suit individual requirements and interventions will be designed to be varied, sustainable and enjoyable.

Data collection {#s2f}
---------------

Participants will undergo three home-based assessments. The baseline measures will be assessed prior to randomisation and further assessments will be conducted 4 and 12 months after randomisation. Additional health service utilisation data will be collected via a telephone call at 8 months. Blinded assessors (experienced health professionals) will conduct follow-up assessments. To ensure blinding, participants will be instructed not to disclose group allocation to the assessors. The assessors' perception of group allocation will be assessed to evaluate the success of assessor blinding.

Outcome measures {#s2g}
----------------

Demographic and health information will be collected at baseline. Cognitive function will be assessed with the Mini-Mental State Examination.[@R22]

### Primary outcomes {#s2g1}

The primary outcomes measured are frailty and mobility, measured at 4 and 12 months. Frailty will be measured using the CHS frailty phenotype[@R3] as detailed in [table 1](#BMJOPEN2014007091TB1){ref-type="table"}. The frailty phenotype evaluates five components of the frailty syndrome and allocates one point for each criterion met; participants meeting zero criteria are defined as non-frail, whereas those meeting one or two criteria are defined as pre-frail, and those meeting three, four or five criteria are defined as frail. Mobility will be assessed using the lower extremity continuous summary performance score (CSPS),[@R23] with data collected using the Short Physical Performance Battery (SPPB).[@R24] This battery examines the ability to stand (for 10 s) with the feet together in the side-by-side, semi-tandem and tandem positions, time taken to walk 4 m, and time to rise from a chair and return to the seated position five times.

### Secondary outcomes {#s2g2}

1.  Psychological status will be assessed using the five-item version of the Geriatric Depression Scale.[@R25]

2.  Activities of daily living will be measured using the Barthel Index[@R26] (100 point version). The mobility component of the Activity Measure for Post Acute Care[@R27] will measure self-reported activity level using Item Response Theory and computer-adaptive testing.

3.  Gait speed will be measured using the 4 m walk test.

4.  The EQ-5D (EuroQol) will measure health-related quality of life and provide utility weights to allow calculation of quality adjusted life years (QALYs) for use in the economic evaluation.[@R28]

5.  Falls, hospitalisations and admissions to residential aged care facilities will be collected via telephone at 4, 8 and 12 months and will also be used in the economic analyses.

6.  Health and community service use will be recorded at 4, 8 and 12 months and will be used in economic analyses.

### Additional measures {#s2g3}

Adherence measurements will record the acceptance of health and other services by the study participant. The treating physiotherapist will estimate a global level of adherence (in five categories: 0%, \<25%, 25--49%, 50--74% and ≥75%) during the 12-month intervention. The treating physiotherapist will evaluate goal attainment in the intervention group using a four-point scale: deterioration from baseline ability, maintained baseline ability, goal met, goal exceeded.

Adverse events will be defined as medical events or injuries arising as a consequence of the trial and resulting in medical attention or restricted activities of daily living for more than 2 days.[@R29] Deaths will be documented.

Sample size calculation {#s2h}
-----------------------

An a priori power analysis determined that 230 participants will need to be recruited to provide 80% power to detect a clinically and statistically significant 15% between-group difference in the lower extremity CSPS (SD=0.7).[@R24] This sample size will also provide sufficient power to detect a clinically meaningful 20% between-group difference in the transition to frailty. For these calculations, we assumed an α of 0.05, a non-compliance of 15% and a dropout rate of 15%.

Statistical analysis {#s2i}
--------------------

Frailty will be treated as a dichotomous variable, scored as transitioned to frailty (ie, the number of frailty criteria was 3 or more) or did not transition to frailty (number of frailty criteria was 0, 1 or 2). The χ^2^ test will be used for frailty as a dichotomous variable. The other study outcomes will be treated as continuous variables. The effect of group allocation on continuously scored outcome measures at the 4-month and 12-month follow-ups will be analysed using linear regression models with baseline scores entered into the linear regression models as covariates. To aid interpretation of the change in frailty, frailty will also be reported as a continuous variable. Statistical significance will be set at p\<0.05 and we will report the differences in percentage or mean (95% CI) between the two groups at the 4-month and 12-month follow-ups.

We will test whether the response to the intervention is modified by the number of frailty criteria present at baseline, by including an interaction term of study groups with the number of frailty criteria at baseline in the regression analyses.[@R30] Secondary analyses will also explore the effect of different rates of adherence (as a category variable: \<25%, 25--49%, 50--74% and ≥75%) on the outcomes in the intervention group at 12-month follow-up. We will examine baseline variables and if there are important between-group differences, we will adjust for them in the models. The primary analyses will be conducted in accordance with the intention-to-treat principle.[@R31] Data will be coded to permit blinding to group allocation in the statistical analysis.

Participants will be provided with their own results on request. The overall results will be available to participants once the final results are published. It is anticipated that participants will register their interest in receiving this information when their participation in the study ends.

Economic evaluation {#s2j}
-------------------

The economic evaluation will be carried out and reported in accordance with health economics reporting standards.[@R32] The economic evaluation will take the perspective of Australian health and aged care service providers over a 12-month time period. Benefits will be measured in terms of the number of transitions to frailty prevented, mobility improvement and QALYs gained (based on utility weights derived from the EQ-5D). The cost-effectiveness analyses will include the cost of delivering the intervention and the cost of health and community service utilisation. Bootstrap sampling will be used to examine the joint probability distribution of costs and outcomes, with the creation of incremental cost-effectiveness planes and cost-effectiveness acceptability curves for each outcome.

Time frame {#s2k}
----------

Recruitment started in January 2013. Follow-up assessment is expected to conclude in October 2015.

Discussion {#s3}
==========

This trial will provide important information to guide intervention to improve outcomes for older people who are pre-frail. Specifically, it will determine whether a multifactorial interdisciplinary intervention reduces transition to frailty and deterioration in mobility among pre-frail older men and women who live in the community. Frailty and the associated negative effects such as disability, institutionalisation and hospitalisation are costly to individuals, their families, the health system and society. Despite this cost, to the best of our knowledge, there has been no research to date examining the effectiveness of an intervention designed to reduce the transition to frailty among pre-frail older people.

The proposed multifactorial intervention will target the needs of each participant based on the characteristics of frailty present and comprehensive geriatric assessment. The exercise component was designed using evidence from systematic reviews and randomised trials that have demonstrated improved strength, balance and mobility in older people. We will implement strategies to maximise adherence to the intervention, in line with research suggesting that good patient adherence increases the effectiveness of health interventions.[@R7] [@R33] The intervention is based on the programme that was feasibly delivered to frail older people in the Frailty Intervention Trial,[@R16] with some modifications to enable a greater challenge to balance, strength and physical activity. Tailoring the exercises to the individual and ongoing reassessment by the treating physiotherapist will ensure safety.

Additional strengths of the study are the generalisability to pre-frail older people and aged care health service settings, and the robust, but pragmatic, clinical trial design. This study uses an objective measure of pre-frailty; the CHS criteria have previously been used to recruit frail[@R7] and pre-frail[@R13] people to clinical trials. We have avoided excessive exclusion criteria. The intervention being examined is readily transferable to routine clinical practice in the aged care health service setting and the interdisciplinary approach is relevant to several professional groups in aged care.

This study has some limitations. First, participants cannot be blinded to group allocation, which is a potential source of bias due to possible differential reporting of the weight loss, activity and exhaustion frailty criteria. However, the weakness and slowness frailty criteria and the co-primary outcome measure (CSPS) are performance based, which should reduce this bias. Second, as there is no frequency-matched social intervention for the control group, we will not be able to exclude the impact of social aspects of the programme on any difference between groups. Third, there is no consensus on how to identify pre-frailty[@R34] and while the CHS phenotype is the most widely accepted instrument, other validated tools[@R35] and attention to cognition could be considered in the clinical setting.

If this intervention is shown to be effective, there are major potential benefits to the older population in terms of preventing transition to frailty and improving mobility. Avoiding frailty has the potential to reduce adverse health outcomes, such as fall rates, hospitalisation and institutionalisation, and the associated financial costs. Improved mobility may also result in improved function and better quality of life for older people, their families and carers. If cost-effectiveness is demonstrated, this intervention will lead to more efficient utilisation of health services. The findings will be disseminated through scientific and professional conferences and in peer-reviewed journals.
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